Abstract. Congestive heart failure (HF) is a leading cause of morbidity and mortality worldwide. Although advances in medical therapy, mechanical support and heart transplantation have been made, almost half of all patients with HF succumb to the disease within five years of the initial diagnosis. Therefore, treatment methods need to be identified to restore the structure and function of cardiac muscle. Three patients with HF caused by ischemic cardiomyopathy received human umbilical cord-derived mesenchymal stem cell (HUC-MSC) intravenous infusion were included in the present study. Two patients demonstrated a 65.1% increase in left ventricular ejection fraction (LVEF) at the end of 3 months, which was maintained increasing 47.8% at the end of 12 months post-HUC-MSC intravenous infusion. LVEF of patient 1 decreased slowly in the observation period. This LVEF improvement was associated with significant improvements in the clinical parameters of the New York Heart Association class, and six-minute walk test in the coupled time. The third patient showed significant improvement in the six-minute walk test at the end of 12 months, while the other parameters did not change obviously. There were no severe adverse events during and post-HUC-MSC transplantation. During follow-up, no other immunosuppressive drugs were used. In conclusion, HUC-MSC therapy is a reasonable salvage treatment in HF. Future large-scale randomized clinical trials are likely to be designed to elucidate the efficacy of the HUC-MSC transplantation therapy on HF.
Introduction
Congestive heart failure (HF) is a leading cause of morbidity and mortality worldwide (1) . Despite advances in medical therapy, mechanical support and heart transplantation, nearly half of all patients with HF succumb to the disease within five years of the initial diagnosis. Therefore, novel strategies need to be investigated to restore the structure and function of cardiac muscle.
Transplantation of mesenchymal stem cells (MSCs) is under evaluation as a regenerative therapeutic approach for HF (2, 3) . In previous studies, MSCs showed marginal improvement of cardiac function in animals and humans with HF (4, 5) . In addition, MSCs have the potential for clinical benefit in cardiovascular disease based on their characteristics of anti-fibrotic, anti-inflammatory, and proangiogenic properties (6, 7) , and their ability to stimulate endogenous progenitor cells (8) . Moreover, MSCs can be isolated from bone marrow, umbilical cord (UC) blood, and connective tissue (Wharton's jelly) (9) , and can be expanded in culture to use as a source of stem cells to elicit cardiac repair. In previous studies, we investigated the safety and efficacy of human UC-MSCs (HUC-MSCs) in rat (10) (11) (12) and human bone non-union (13) .
In the present study, we describe our experience using HUC-MSCs to treat patients with HF. The effect of HUC-MSCs on the HF was then assessed in the following 12 months.
Materials and methods

Basic principles and ethical considerations.
The protocol of the present study was approved by the Institutional Review Board and the Ethics Committee of Siping Hospital of China Medical University. The study was conducted in compliance with current Good Clinical Practice standards and in accordance with the principles set forth under the Declaration of Helsinki (1989). , and the detached cells were harvested after gentle massage of the UC. The cells were centrifuged at 300 x g for 10 min, resuspended in proliferation medium to seed in 75-cm 2 flasks at the density of 5x10 7 cells/ml. After 24 h of incubation, non-adherent cells were removed and the culture medium was replaced every 3 days. The adherent cells were cultured until they reached 80-90% confluence.
Isolation and propagation of HUC-
Flow cytometry.
Flow cytometry was performed to analyze the cell-surface expression of typical protein markers. The adherent cells were incubated with the following anti-human primary antibodies CD31-phycoerythrin (PE), CD45-fluorescein isothiocyanate (FITC), CD90-R-PE, HLA-DR-R-PE (Becton-Dickinson, Franklin Lakes, NJ, USA). The total of 10,000 labeled cells were analyzed using a Guava easyCyte flow cytometer running Guava Express Plus software (Guava Technologies, Inc., Hayward, CA, USA).
Patients. The inclusion criteria were stable symptomatic patients of ischemic cardiomyopathy [New York Heart Association (NYHA) functional class Ⅱ/Ⅲ], older than 18 years, left ventricular ejection fraction (LVEF) <40%. The exclusion criteria were non-cardiac serious diseases expected to reduce the patients's short-time survival, recent (<6 months) myocardial infarction or an implanted pacemaker. The patients provided written informed consent stating agreement to the treatment according to the Siping Hospital of China Medical University. The general characteristics of the patients are shown in Table I .
HUC-MSC intravenous infusion.
HUC-MSCs (10 ml) with a cell density of 5x10 6 -1x10 7 /ml was given intravenously at a rate of no more than 12.5x10 6 /min and flushed with 20 ml saline to ensure full cell dose delivery. Once the needle was fully withdrawn, the puncture site was wrapped with sterilized dressing. The patients remained in the supine decubitus on the operation bed for another 30 min before off-bed activities. The patient was monitored [temperature, blood pressure, pulse and electrocardiograph (ECG)] at 0, 15, 30, 45 and 60 min, and then hourly for a minimum of 4 h.
Six-minute walk test.
Patients underwent exercise testing using six-minute walk test a modified Bruce treadmill test. The patients were monitored throughout with tests being terminated by physiological markers (ST changes, arrhythmias, or chest pain) or by patient request.
Clinical, functional assessment and definitions. i) Primary safety assessments included monitoring and recording of all adverse and serious adverse events. All patient were monitored (temperature, blood pressure, pulse and oxygen saturation) at 15, 30, 45 and 60 min, and then hourly for a minimum of 4 h. They were discharged 24-h post-transplantation given that the patient was afebrile and hemodynamically stable with no signs of infection or any type of allergic reaction. Mortality and major adverse cardiovascular events (MACE) defined as all-cause death, myocardial infarction, hospitalization for HF, or major arrhythmias were assessed at 3 months and 1 year.
ii) As exploratory secondary endpoints we investigated the efficacy of HUC-MSC infusion as follows: The change in global LVEF at 3, 6 and 12 months compared with baseline as assessed by advanced cardiac imaging and changes in left ventricular (LV) volumes; exercise capacity (six-minute walk test), and NYHA classification at 3, 6 and 12 months compared with baseline. Statistical analysis. Statistical analysis was performed using SPSS 16.0 software (Chicago, IL, USA). Safety and exploratory efficacy secondary endpoints were observed for each patient against the baseline values. P<0.05 was considered to indicate a statistically significant difference.
Results
Evaluation of HUC-MSCs.
The cells derived from UC were observed 24 h after seeding (Fig. 1A) , when part of the round Table I . Baseline characteristics of the study population. mononuclear cells was adherent. Three days after inoculation, small colonies of the adherent cells with typical fibroblastshaped morphology were obtained (Fig. 1B) . These primary cells reached monolayer confluence, after planting for 5-6 days, when passaged for the first time. The fifth passage cells were analyzed by flow cytometry, and were strongly positive for CD105 and CD90, but negative for CD45 and HLA-DR (Fig. 1C-F) .
General characteristics of the HF patients.
The general characteristics of the patients are shown in Table I . The patients included 2 males and 1 female with a mean age of 51.7 years (range, 37-65 years) at HUC-MSCs infusion. The patients were enrolled between January 2010 and January 2012. The etiology of the HF was ischemic cardiomyopathy. All the patients reached the 3, 6 and 12 months primary endpoint (Table I) .
LVEF. Two patients demonstrated a 65.1% increase in LVEF at the end of 3 months, which was maintained increasing to 47.8% at the end of 12 months post-HUC-MSC intravenous infusion. LVEF of patient 1 decreased slowly in the observation period (Table II) .
Exercise capacity. All the patients underwent a six-minute walk test at baseline, 3, 6 and 12 months. Patient 1 got a transient decrease at the end of 3 months, patient 2 got a transient increase at the end of 3 months, and then decreased slowly. After 12 months, there was significant improvement in six-minute walk test in two patients post-transplantation (Table II) .
NYHA. Each patient who showed improvement in the NYHA classification improved within 3 months of post-transplantation. After 12 months, this pattern continued with the three (100%) patients improving (Table II) .
Safety. There were no complications or adverse events associated with HUC-MSC transplantation. No cases of distal coronary artery occlusion, acute cardiac dysfunction, and ventricular arrhythmia occurred.
Discussion
In the present study, we reported the safety and efficacy of HUC-MSCs in the treatment of HF caused by ischemic cardiomyopathy in the 12 month follow-up duration. Two patients demonstrated a 65.1% increase in LVEF at the end of 3 months, which was maintained increasing to 47.8% at the end of 12 months post-HUC-MSC intravenous infusion. Our data provided significant evidence for the short-term safety of the cell therapy approach in at least moderate HF, and provided novel insights into the improvement of cardiac function.
NYHA class improvement was observed in all the patients, while LVEF improvement was observed in two patients at the end of the 12 month post-HUC-MSC transplantation. Thus, our data indicate that HUC-MSC intravenous infusion was beneficial. In the present study, we did not observe any improvement in intermediate and clinical endpoints. Similar beneficial effects on cardiac function with BMC therapy have been shown in other early phase studies with the most recent demonstrating improvements to 5 years post-cell therapy (14, 15) . Thus, HUC-MSC transplantation attenuation of the HF process was related to cardiac regeneration.
The pathophysiology of HF and the related syndrome is complex, and many factors contribute to diastolic dysfunction, including vascular and myocardial stiffening (1) . Generalized stiffening that occurs throughout the cardiovascular system, and LV diastolic dysfunction may be associated with changes in intrinsic myocyte stiffness. In previous studies, we investigated the safety and efficacy of HUC-MSCs in rat liver fibrosis (13), a fibrosic score that was reduced 8 weeks post-translation. Thus, our data suggest HUC-MSCs used in the present study are capable of attenuating cardiac fibrosis process. The results shown herein supported the hypothesis that the beneficial effects of HUC-MSC transplantation in part mediated by antifibrotics.
There are several limitations of the present study. The HF patients received allogeneic HUC-MSCs; thus, we could not investigate the effect of autologous MSCs in this specific HF population. Furthermore, the patients with HF received the same number of cells, and no control group/patients were included in the present study. Despite these limitations, our data provided novel insights into the positive cardiac function effect of HUC-MSC transplantation in patients with HF. Rigorous study design involving appropriate control arms are required, as previously suggested (16) .
In conclusion, the study has demonstrated a potent and clinically relevant efficacy outcome of HUC-MSC transplantation to treat patients with advanced HF, and the procedure is safe and associated with improvement in LVEF 3 months after therapy, which is maintained at 12 months. Our data supported a potential clinical benefit of this therapy. Future large-scale randomized clinical trials are likely to be designed to elucidate the efficacy of HUC-MSC transplantation therapy on HF. 
